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Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology. Our July 2015 selection includes a new look at ubiquinone biosynthesis, a description of a
bacterial GPS that signals that the host’s cytosol has been reached, and the intimate relationship
between the lipids and the innate immune response.UbiX is shown to be a flavin prenyltransferase that uses several
interesting chemical steps, most of them captured within the UbiX
crystals. The process starts with DMAP + FMN binding (1) and then
proceeds via the N5 intermediate (2) to the prenylated FMN
product (3). Image curtesy of David Leys.Making of the Ubiquinone
As you walk down the aisles of your local supermarket, it is
very likely that you will come face to face to a product with
a large ‘‘CoQ10’’ on it. The CoQ10 refers to coenzyme
Q10, also known as ubiquinone, and the reason why you
are likely to run into it in consumer products is its known anti-
oxidant activity. Biochemically, ubiquinone is a part of the
electron transport chain in mitochondrial membrane which
creates an electrochemical proton gradient that drives ATP
synthesis. Additionally, given that it is fat-soluble and
redox-sensitive, it acts to protect membrane lipids from
oxidative damage. Prokaryotes also make large amounts
of ubiquinone, and it is well established that this process re-
quires the activity of 11 enzymes.
White et al. provide interesting insights into the role of two enzymes, UbiX and UbiD, from the ubiquinone biosynthesis
pathway. UbiX uses flavin (FMN) as a cofactor, and White and colleagues demonstrate that, upon addition of dimethylallyl-
monophosphate (DMAP) to UbiX/FMN, and depending on the conditions, an intermediate N5–C6 prenylated FMNH2 product
(prFMNreduced) is either transformed to a prenylated-FMN radical or subjected to UbiD and converted into prFMNiminium
cofactor. The radical does not seem to be physiologically relevant, while prFMNiminium cofactor is a heavily modified cofactor
that is in subsequent steps used for UbiD-mediated decarboxylation of the 3-octaprenyl-4-hydroxybenzoate precursor of ubi-
quinone. The authors solve crystal structures of UbiX bound to oxidized FMN andDMAP and the prFMNradical as well as struc-
tures of several other forms of UbiX bound to different intermediates. White at al. capture these intermediates using kineticSchematic representation of the
mechanism that an intracellular
bacterium, Burkholderia pseudomallei,
uses to sense that it reached the host
cell’s cytosol. Mechanistically, a
disulfide-linked histidine kinase VirA
dimer is reduced by cytosolic GSH. The
VirA monomer activates a response
regulator VirG, which turns on
expression of T6SS. Image curtesy of
Yunn Hwen Gan.crystallography and in this way obtain a detailed view at the mechanism of UbiX at
the atomic level. The unusual mechanistic features that were identified are the use
of reduced flavin as a nucleophile and the stabilization of the carbocation species
within an active site via a p-cage, which is similar to the role of terpene synthases.
The work illustrates the mechanistic richness behind ubiquinone biosynthesis and
raises questions of whether flavin prenyltransferase chemistry displayed by UbiX oc-
curs more broadly beyond bacterial systems. This last thought is further supported by
a related structural and functional study on the UbiD homologs from Saccharomyces
cerevisiae, Aspergillus niger, and Candida dubliniensis (Payne et al., 2015).
White et al. (2015). Nature 522, 502–506. http://dx.doi.org/10.1038/nature14559
Payne et al. (2015). Nature 522, 497–501. http://dx.doi.org/10.1038/nature14560Bacterial GPS
Pathogens have evolved to be ruthless fighters and tricksters, solely interested in get-
ting into the host as efficiently as possible. Most pathogenic bacteria use different
secretion systems to inject virulence factors into the host cells and hijack and re-
wire their normal physiology. Burkholderia pseudomallei is a facultative intracellular
pathogen that uses one of these secretion systems, the type VI secretion system 1
(T6SS1), which is induced once B. pseudomallei is inside the cytosol of the host
cell. This means that B. pseudomallei holds off from expressing T6SS1 until it is safely
within the host’s cytosol, which suggests existence of a bacterial system that senses
that cytosol has been reached and triggers T6SS1 expression.Chemistry & Biology 22, July 23, 2015 ª2015 Elsevier Ltd All rights reserved 803
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located in the cytosol. Next, they screen different amino acids as potential signals, given that cytosol contains a fair amount of
free amino acids produced via protein degradation processes, and observe that only cysteine elicits increase in T6SS1
expression. Wong et al. test other low molecular weight (LMW) thiols, such as glutathione (GSH), and establish that GSH
has the largest effect. This process is sensitive to the presence of VirA, a histidine kinase (HK) present on the bacterial inner
membrane. What happens is the following: in basal state, VirA exists as a disulfide-bound homodimer. Upon exposure to the
host’s cytosol, this disulfide bond is reduced by the host’s GSH. Activated VirA monomers are then free to engage and acti-
vate the cognate response regulator VirG. Wong et al. also show that decrease in the host’s GSH leads to decreased T6SS1
expression and a reduction in multinucleated giant cell (MNGC) formation, which is the physiological signature of T6SS1 acti-
vation and B. pseudomallei infection. This work represents another window into the fascinating world of clever strategies that
pathogens have acquired; in this case, B. pseudomallei developed a way to sense a cytosolic component, GSH, present in
high concentrations in any eukaryotic cytosol to determine that it had arrived to its final destination.
Wong et al. (2015). Cell Host Microbe. Published online June 17, 2015. http://dx.doi.org/10.1016/j.chom.2015.06.002Greasing Up the Inflammatory Response
On the surface of things, nothing could be simpler than cellular membranes. They are lipid bilayers organized in a way that
satisfy the requirements of the aqueous environment that both surrounds them andwhich they surround. More careful inspec-
tion, however, reveals significant chemical complexity best illustrated by the fact that there are hundreds different lipid spe-
cies that can be found in cellular membrane. Although not well understood, it is now accepted that membrane lipids are not
just bystanders but active participants in regulation of cellular process.
Ko¨berlin et al. follow up on previous work that established a link between the metabolism of sphingolipids, a class of lipids
found in the cellular membrane with a role in Toll-like receptor (TLR) signaling. The authors show that in RAW macrophages
exposed to factors that activate TLR4 and TLR9, 18 out of 24 genes involved in the sphingolipidmetabolic network were regu-
lated by both TLRs. Next, Ko¨berlin et al. prepare a library of cell lines in which these 24 genes were silenced one at a time,
expose these cells to three different TLR-stimulating factors, and use the release of the cytokine interleukin 6 (IL-6) as a mea-
sure of TLR activation. The authors document different phenotypes, revealing that some genes involved in the sphingolipid
metabolic network help resolve inflammation whereas some are positive modulators of TLR function. Nine of these cell lines
were then subjected to lipidomic analysis of 245 membrane lipids, and Ko¨berlin et al. observe that genetic perturbations of
enzymes involved in sphingolipid metabolism result in different lipid states, also pointing to a link between the sphingolipid
and glycerophospholipid metabolic networks. Further analysis of lipid composition across the different lipid states revealed
distinct clusters of coregulated lipids, organized in a circular network. Finally, Ko¨berlin et al. present evidence that the circular
network of lipid coregulation can be used to predict functional roles of membrane lipids in the context of TLR signaling as well
as inflammatory phenotypes in Krabbe and Gaucher patient-derived fibroblasts solely based on their lipid composition. This
work highlights the level of integration between the lipid landscape, metabolic networks, and inflammatory response.
Ko¨berlin et al. (2015). Cell 162, 170–183. http://dx.doi.org/10.1016/j.cell.2015.05.051
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